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A FURTHER ANALYSIS OF THE EFFECT OF SATIATION 
ON THE SUCKING RESPONSE IN PUPPIES 


W. T. JAMES 
University of Georgial 


Following the emphasis of the psychoanalytic school on the sig- 
nificance of early experience for the development of behavior, great 
attention has been given to the sucking response. This school in par- 
ticular has emphasized that the sucking “drive” must be satisfied, and 
that if it is not, the child will suck the fingers and show tension and 
nervousness. There is no doubt that the sucking reflex is important. 
It is certainly vital to food intake at birth, but whether it is a strong 
reflex important in food taking or an autonomous “drive” which will 
have a lasting effect if not satisfied, is another matter. 


The proponents of the “sucking drive” theory have looked to studies 
on animals and children for support. A large part of the research on 
children has been summarized by Orlansky (1949). Beach and Jaynes 
(1954) have reviewed the various studies on the effect of sucking de- 
privation on the response and general behavior in mammals. A more 


recent review by Ross, Fisher & King (1957) gives a summary of the 
work to present. 


In general, the experiments have been interested, first, in the 
mechanics of sucking behavior. These studies have described the na- 
ture of the sucking reflex, when it begins, the complex patterns of 
reflexes involved, and its relationship to various other behaviors as 
breathing and swallowing. These studies, and those of Halverson (1944; 
1946), have given a good picture of the reflex systems involved, which 
in the child seems pretty well understood. 


A second class of experiments has been directed to the significance 
of sucking behavior. Levy (1934) fed two puppies on fast feeding nip- 
ples and two others on slow feeding nipples with adequate satiation of 
sucking. Those which were fed on the free flowing nipples with inade- 
quate sucking time tended to exhibit more extraneous sucking on each 
other and on various objects in the environment. Ross also did a study 
with puppies, some of which were bottle fed, others dropper fed, while 
some were left with the mother (195la; 1951b). In general Ross seems 
to agree with Levy that there is a sucking drive which requires satis- 
faction. Both of these studies need to be repeated. The puppies on 
artifical feeding did not seem to grow normally, which may have been 
due to inadequate food. On the other hand, the criteria of extraneous 


1 This research was supported by the Graduate School of the University of Georgia. 
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sucking and sucking pressure were not specific enough to be repeated. 


Although these studies are suggestive, they are not conclusive. There — 


seems to be more conclusive evidence regarding this problem in chil- 
dren. The extensive study of Davis, Sears, Miller and Brodbeck (1948) 
on groups of babies fed by breast, cup or bottle, seems to show that 
those deprived of sucking grew about as normally as the others. If this 


study is substantiated by others, the idea that the sucking “drive” must — 


be satisfied for normal health is doomed. 

The third aspect of the problem is the significance of artificial 
feeding on personality. Some of these studies, as those of Hoefer and 
Hardy (1929), emphasize the importance of breast feeding, and indicate 
that children fed artificially do not grow as well and are not as healthy 
as breast fed children. Other studies have emphasized that artificially 
fed children do not sleep as well, have more enuresis, and nervousness as 
compared with breast fed children (Rogerson & Rogerson, 1939). On 
the other hand, many studies contradict these conclusions. Orlansky 
concludes that there is no evidence that breast feeding has any over-all 
advantage for the development of children in every case (1949). Many 
others agree with this conclusion. 


Although every one agrees that the sucking reflex is of biological 
importance, more must be known about the reflex and its relation to 


food intake and satiation before its psychological significance can be © 


determined. The question, particularly regarding satiation, has been 


neglected. It was in the interest of this problem that a series of ex- 


periments has been done at the University of Georgia on the relation- 
ship between food intake and sucking behavior. The first study in- 
vestigated the relationship between food in the stomach and vigor of 
the reflex (James, 1957 a). In the experiments puppies were removed 
from the mother for an interval of time, then injected with Esbilac® 
and replaced with the mother to determine the sucking time and milk 
intake. It was found that the amount of milk in the stomach did not 
affect the sucking reflex. It seemed that sucking occurred whenever 
proper stimuli were present and was independent of milk in the stom- 
ach or milk intake. In many cases the puppies would suck for a long 
period of time with no milk intake at all. Elimination of sucking seemed 
to be due more to fatigue than a full stomach. In view of these sur- 
prising results a second experiment has been completed with slight 
variations. 
PROBLEM 

The object of the present study was to observe the effect of in- 
jected food on the sucking reflex. It differed from the first experiment 
by continuing the sucking studies longer before the weaning period, 
and included a number of tests in which injection was followed by 
opportunity for consummatory licking of milk, and then by sucking. 
The interest here was in determining whether eating after stomach 
injection would eliminate the sucking reflex. 


2 Esbilac is a dered milk which closely approximates that of the mother dog. It is manu- 
factured by &" Borden Company. 
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METHOD 
Subjects 


Three members of a litter, 2 males and 1 female, of 5 Beagle- 
Terrier hybrid puppies were used in all the tests. 


Procedure 


In the first part of the experiment the puppies were injected with 
milk and then placed with the mother to determine whether they would 
suck, and if so, how much milk they would consume. During this phase 
of the experiment a total of 28 daily tests was run on each puppy, mak- 
ing three tests per day for 28 days, or 84 total tests. In the second phase 
of the experiment the puppies were injected, then given an opportunity 
to eat milk from a pan before being placed with the mother to suck. In 
the second part 14 daily tests were done on each of the three dogs, or 
a total of 42 tests. The puppies were 4 days old at the beginning, and 
49 days old at completion of the tests. The tests were done on con- 
secutive days, except for three days when other duties interfered with 
the experiments. On these days the puppies were left with the mother. 


Before each test the 3 puppies were separated from the mother and 
placed in a warm box in an adjoining room. The period of separation 
varied from 1 to 5 hours during the first part of the experiments, and 
from 3 to 24 hours in the last 14 days. During this latter time they were 
old enough to be placed on a longer schedule of separation, and this 
assured a stronger food drive for the eating behavior which followed 
injection of milk. After the period of separation, milk was injected via 
tube into the stomach, and after another interval the puppies were 
placed with the mother and allowed to suck. In the last part of the 
tests the puppies were injected, then permitted to lick milk from a pan, 
then placed with the mother and given opportunity to suck. In the 
early tests the amount of milk injected started at 13 grams and was 
gradually increased to around 80-90 grams. In the second part of the 
tests, when the puppies were older, the amount of milk injected started 
at 100 grams and was gradually increased to around 250 grams. The 
amount of milk injected was determined largely by the total amount 
the stomach would hold at the respective age. When the stomach is 
filled the milk runs out the mouth of the animal, and by experience one 
can soon judge just about how much the animal can hold. In order 
to determine how much milk was injected, how much consumed dur- 
ing sucking, or how much food taken in during eating, the puppies 
were weighed before and after each phase of the experiment. 


The time interval between injection and sucking was varied from 
5 to 15 minutes. In the last phase of the experiments the puppies were 
given opportunity to lick milk immediately after injection, then placed 
with the mother to suck. 


Controls are already provided by a previous study which showed 
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that all puppies would suck after similar periods of separation (James, 
1957a). 
RESULTS 


The results have been divided into four periods. The first presents 
the results of the first 10 days, the second the next 10 days, and the 
third the last 8 days of the period of injection followed by sucking. 
This gives a picture of the increase in food intake by sucking and de- 
crease in sucking time as age increases. The fourth period presents the 
results of the last 14 days, in which injection was followed by oppor- 
tunity for licking milk from a pan, and then by sucking. 


The results are summarized in Table 1. The first part of the table 
shows that injection of milk did not eliminate sucking. This is the case 
even when the stomach is filled with more food than the puppies ever 
sucked under normal conditions. On most of these tests the animals 


TABLE 1 
SUMMARY OF SUCKING BEHAVIOR IN BOTH PARTS OF THE EXPERIMENT 
Part I. Sucking Behavior after Injection of Milk 


Total tests during first 3 periods of experiment........................----.-------0-++ 84 

Total number times puppies sucked after injection..............................-.-- 84 (100%) 
Number of times animals gained weight after sucking............................. 73 (86%) 
Number times sucking with no gain in weight...................20.0.0.-..22---------- 1l (14%) 


First 10 Days | Second 10 Days Last 8 Days 
Mean gain in weight on sucking.... 9.2 gm, 14.3 gm. 17.1 gm. 
Mean sucking time : 14.4 min. 8.5 min. 6.2 min. 


Part II. Sucking Behavior after Injection and Opportunity to Lick Milk from Pan 
Total number of injections.......................... 42 


Total number tests of licking after injection... Lee 
Total number times animal drank milk after injection. 23 (54.7%)* 
Mean gain after licking 21.2 gm. 
Total number times animals sucked 
after injection and opportunity to lick........0.02000000000............. 42 (100% 
Number times animals gained weight by sucking 38 (90%) 
which followed injection and licking...................................--. 
Mean gain after sucking . STS gm. 
Mean sucking time 8.2 min. 


i me ar tests have shown that if the stomach is filled to capacity the eating reflex is elimin- 
ted (James, 1957b). 


gained weight, but in 14 per cent of the tests sucking occurred without 
gain in weight. In general, the sucking time decreases and milk intake 
increases as the puppies get stronger. 


The last part of the table indicates that injection followed by con- 
summatory licking does not eliminate sucking. The animals sucked in 
all tests following injection and consummatory licking. The animals 
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did not always take milk from the pan after injection, however, but in 
any case they would suck. A previous study has shown that if the 
stomach is filled to capacity, the eating reflex is eliminated in young 
puppies, but not sucking (James, 1957b). This seems to suggest that 
the mechanism for controlling eating is different from that which con- 
trols sucking. Stomach distension apparently does not cut off the suck- 
ing reflex, while there does not seem to be any doubt about its effect 
on food intake by licking and chewing (James, 1957b). The present 
experiment further confirms the conclusion that the sucking reflex is 
a dominant pattern of behavior unrelated to stomach content. 


SUMMARY 


A total of 84 tests were made on puppies to further examine the 
influence of stomach injected food on the sucking reflex. Sucking fol- 
lowed injection of milk in every case, even when the stomach was 
filled to capacity. In the great majority of tests the puppies gained 
weight after sucking, but in 14 per cent of the tests they sucked for 
rather long periods without gaining weight. In 42 additional tests in- 
jection was followed by opportunity for licking milk from a pan and 
then by sucking. In these tests also, the puppies sucked in every case. 
The puppies did not lick milk from a pan in every test, however, since 
it has been shown that if the stomach is filled to capacity, the licking 
and eating response is eliminated. Sucking seems to be a reflex oc- 
currence which is independent of the amount of food in the stomach. 
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PERSPECTIVES IN PSYCHOLOGY 
IX. LITERATURE AS ART AND AS KNOWLEDGE’ 


PAUL SWARTZ 
University of Wichita 


Satisfactory resolution of the problem of method in psychological 
work depends, in part, upon achieving an adequate understanding of 
the basic historical factors involved. Different approaches to the study 
of human behavior mirror different conceptions of man, and these in 
turn develop in response to the changing ideological needs of social life. 
All sciences evolve in the crucible of historical determination, but in 
those in which the human being is the primary object studied the in- 
fluence is greatest. The changing currents of social reality each pre- 
sume, and require for their justification, a particular conception of 
man. Invariably absolute, these images coexist in history in an unstable 
hierarchy of ideological dominance, paralleling the structure of the 
underlying social reality. Only rarely, in times of great social stability 
or when’ social reality is a relatively homogeneous unit, does a single 
image achieve undisputed, long-lived dominance. It then becomes the 
polestar in the cultural firmament, and within the limits imposed by the 
level of general scientific and technological achievement reached by 
society, determines almost exclusively the course of inquiry into the 
nature of man. 


Western psychology, ever since the decline of the objective Greek 
viewpoint, has developed largely under the influence of a dualistic 
conception of man. This is the image which rose to ascendancy in the 
church-dominated medieval world, a world, as Russell (1945, p, 302) 
points out, of various forms of dualism, “the dualism of clergy and 
laity, the dualism of Latin and Teuton, the dualism of the kingdom of 
God and the kingdoms of this world, the dualism of the spirit and the 
flesh,” . . . all “exemplified in the dualism of Pope and Emperor.” 
Medieval psychology was a religious psychology. To the medieval 
philosopher, writes Professor Burtt (1954), the religious experience “was 
the crowning scientific fact.” 


Reason had become married to mystic inwardness and 
entrancement; the crowning moment of the one, that 
transitory but inexpresssibly ravishing vision of God, 
was likewise the moment in which the whole realm 
of man’s knowledge gained final significance. The 
world of nature existed that it might be known and 


1 The larger part of this paper was presented at the Symposium of Division 10 of the Amer- 
ican Psychological Association in Washington, D. C., on September 1, 1958. 
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enjoyed by man. Man in turn existed that he might 
“know God and enjoy him forever” (pp. 19-20). 


The medieval hunger for God found its psychological expression in 
a preoccupation with the human soul. When St. Augustine wrote, on 
the threshold of the medieval era, “I desire to know God and the soul,” 
he was “directly formulating,” to use Brett's phrase (1953), “the scope 
of psychology for many succeeding centuries.” In the scholastic syn- 
thesis of St. Albert and St. Thomas in the thirteenth century the search 
for God and the soul reached its culmination. 


Medieval psychology was an appendage of medieval theology. Its 
methods of inquiry were those of the theologian. Faith in the power of 
reasoning as a source of knowledge was the cardinal tenet of the 
medieval psychologist. Especially in the period of scholasticism, with 
its emphasis on syllogistic reasoning and dialectic, and its disdain for 
observation, is the rationalistic character of medieval psychology clearly 
in evidence. The scholastic method “is the academic method in its per- 
fection,” writes Brett: 


encyclopaedic learning, and astounding subtlety are 
the marks of the great medieval champions: they can 
quote, defend, pervert and controvert with all the 
baffling dexterity of intellectual fencing (1953, p. 247). 


The dualistic conception of man survived the dissolution of the 
medieval world and endures in the modern period as an inherent fea- 
ture of the Judaeo-Christian tradition, Its influence on general psycho- 
logical thinking is, of course, considerably diminished, and it is in com- 
petition with more process oriented definitions of man. In the be- 
havioristic model of biological reductionism dualism has been “stood 
on its head,” so to speak. “Biological Man” has replaced “Spiritual 
Man” as the focus of inquiry. “In modern psychology,” writes Professor 
Hebb, “mind is considered to be some part or aspect of brain activity— 
though this is held only as a working assumption—and is studied by ob- 
jective methods” (1958, p. 17). 


Whether or not we agree with Hebb (1958, p. vii), that “psychology 
is fundamentally a biological science,” there is no gainsaying the fact 
that biologically oriented thinking has had a very powerful and initially 
liberating effect on modern psychology. Experimental psychology 
emerged in the nineteenth century under the impact of a flourishing 
experimental physiology. The remarkable achievements of experimental 
method in the biological sciences constitute, in fact, one of the principal 
“historical justifications” for the application of this method to the study 
of behavior. 


A knowledge of history, it can be argued, introduces the possibil- 
ity of softening its tyranny. Although we recognize that this argument 
may be but a snare and a delusion, we are going to use it as our 
working assumption in elaborating upon a suggestion made by this 
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writer in a previous paper (Swartz, 1958), namely, to introduce inten- 
tionally, as a supplement to more scientifically acceptable knowledge, 
observations of behavior found in literature as bona fide data for 
psychology in hypothesis and theory construction. 


The conception of literature as data to be used inductively in psy- 
chological work acquires meaning only as we are successful in dis- 
tinguishing between literature as art and literature as knowledge. This 
is a problem that must be discussed from two points of reference. With 
the writer in focus the problem is one of analyzing non-systematic, 
reflective observation as a knowing event, and of delineating the witting 
or unwitting use of knowledge derived in this process in the craft of 
constructing a product possessing aesthetic merit. Considered from the 
standpoint of the reader the problem is one of defining perspectives. 
To read a book as a psychologist, with primary regard for the validity 
of the reality underlying the illusion, requires a set of disciplined, 
critical attitudes that are not wholly compatible with reading simply as 
an aesthetic experience. In making this distinction, it should be noted, 
we do not mean to deny that there is an aesthetic dimension or com- 
ponent in reading a work as a psychological study. On the contrary, it 
is necessary as a psychologist to participate empathically in the writer's 
illusion if the psychological insights recovered are to be grasped in 
their fullest significance. The psychological perspective in reading, 
then, can be described as one of controlled empathic participation, in 
which the primary intent of the reader is not to derive aesthetic pleas- 
ure but to extract the writer’s observations of behavior as possible con- 
tributions to the body of validated psychological knowledge. 


A defense of literature as a means to valid knowledge has recently 
been brilliantly made by Wallace Stegner (1958). “Possibly,” he writes, 


the arts may be very often merely entertaining, remote 

from the profounder truth, and entangled in ritual. 

But at their best they are a perfectly valid instru- 

ment of knowledge: knowledge of things as experi- 

enced, knowledge of which both observed and observer 

make a part (p. 10). 
In art, declares Stegner, quoting Albert Camus, “‘a profound thought 
is in a constant state of becoming. It adopts the experience of a life 
and assumes its shape’..” Rephrasing this observation he suggests: 


Any work of art is the product of a total human being 
commenting with his total understanding on experi- 
ences that with luck may become symbolically repre- 
sentative of larger experience, even of all experience 
(p. 48). 
The truth of art, finally, 

is conceptualized in the union of work and reader; it 
is an insight communicated by example from writer 
to reader . . . it inevitably takes some coloration from 
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the reader’s temperament and state of mind and cul- 
tural background. It is a collaboration, a meeting of 
minds and spirits, a thing that —_ up like love 
(pp. 10-11). 


The conception of literature as — that Stegner develops 
does not, of course, commit him to a conception of literature as psycho- 
logical data. The latter concept presupposes the verifiability of artistic 
insights into human behavior. This assumption, Stegner explicitly re- 
jects. Art, he maintains, in contrast to experimental method, “gives up 
any claim to verifiability, gives up limited and controlled truth, in ex- 
change for its truth-in-context, truth by confrontation and recognition 

” It is in “the response,” the “aesthetic experience,” that “the proof 
of art” is to be found. Heroically, he defends the province of art 
against the “philistine” invaders who would treat it as “‘subject mat- 
ter” or attempt to reduce it “to the laws and the orderliness that are 
the ideal and monumental strength of science.” 


The conflict between the approach to literature proposed by the 
present writer and the conception advanced by Stegner is readily ap- 
parent, both in regard to the question of verifiability and to the prob- 
lem of reader perspective but it should not be exaggerated. We have 
already suggested in a previous paper (Swartz, 1958) that literary in- 
sights and observations are probably not susceptible to direct experi- 
mental validation. The prospects for clinical verification, we noted, 


seem much brighter. The best procedure, it was opined, for validat- — 


ing literary insights is “to determine how well our understanding, pre- 
diction, and control of other observational events is improved through 
the use of this knowledge.” 


The problem, now, is sharply in focus. Is it possible to validate 
literary insights without reducing literature to “law and order,” without 
destroying the integrity of literature as an art-form? A truly pluralistic 
approach to the understanding of human behavior based on a body of 
verified psychological knowledge requires just this. Time and work 
alone will reveal whether the problem of verification in the arts is in- 
herently insoluble or simply an historical artifact. 
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ACQUISITION OF A SIMPLE RUNNING RESPONSE AS 
A FUNCTION OF PARTIAL AND CONTINUOUS 
SCHEDULES OF REINFORCEMENT! 


DONALD F. HAGGARD 
State University of Iowa 2 


The results of experimental studies concerning the effects of varia- 
tions in the reinforcement schedule on the acquisition of conditioned 
responses have been highly conflicting, varying not only from one type 
of conditioning situation to another, but also among studies that have 
employed the same situation. In an extensive review and critique of 
the studies conducted prior to 1950, Jenkins and Stanley (1950, p. 209) 
summarized their conclusions with respect to the comparison of acqui- 
sition under partial and continuous schedules of reinforcement as fol- 
lows: “Overall, it can be said with considerable assurance that acquisi- 
tion proceeds somewhat more rapidly and reaches a higher final training 
level under continuous reinforcement than under partial reinforcement. 
With prolonged training partially reinforced groups may approach the 
same level of proficiency attained earlier in training by continuously 
reinforced subjects.” 


Examination of the summarizing table given by these writers re- 
vealed that this conclusion was based on only three studies that involved 
instrumental reward conditioning. Two of these studies, Finger (1942 a; 
1942 b), did indicate that the 100% reinforced animals ran significantly 
faster, over 16 acquisition trials, than those receiving 50% reinforcement. 
In the third study, Sheffield (1949) actually showed no difference be- 
tween the 50% and 100% reinforcement groups over 30 acquisition trials. 
This experiment was complicated, however, by the fact that all S’s were 
first given ten pre-training trials in which a 100% reinforcement sched- 
ule was employed. 


Two later studies (Lewis, 1956; Wilson, Weiss & Amsel, 1955) es- 
sentially duplicating the Sheffield apparatus and procedure, indicated 
that the 100% reinforced animals ran somewhat faster than those re- 
ceiving 50% reinforcement during the 30 trial acquisition period. These 
findings are in accord with those of Finger (1942 a; 1942 b) in substan- 
tiating the Jenkins and Stanley conclusion. 

Contrary to these findings, the results of a study by Rubin (1953) 
indicated that the 100% and 50% reinforcement groups were about 
equal in performance at the end of a 32 trial training period. This 
would tend to corroborate Sheffield’s results (1949). 


This article is based on a dissertation submitted to the on! of the department of 
-%... of the State yr! of Iowa in rtial fulfillment of the requirements for the 
The writer is greatly indebted to Dr. K. W. Spence for valuable aid and advice 

offered t' roughout the course of the experiment. 


2. Now with the Human Resources Research Office, George Washington University. 
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In comparing these two apparently conflicting sets of studies 
attention should be directed to the fact that the acquisition periods 
have involved only 16 to 32 training trials. Considerable evidence has 
since been obtained which indicates that this number of trials repre- 
sents only a small portion of the total training period required to at- 
tain complete learning, i.e., the performance asymptote. 


Fortunately, several studies that present data for more extended 
acquisition periods have recently become available. In one of these 
experiments, Taylor (1953) studied the acquisition of a stepping re- 
sponse from a runway to a separate platform. Speed of acquisition 
curves for 50 trials showed a gradual divergence between trials 6-26, 
the 100% reinforcement group responding more quickly than the 50% 
reinforcement group. Statistical analysis, by the author, of trial blocks 
10-15, 16-20, and 20-25 revealed the performance of the 100% rein- 
forcement animals to be significantly faster for blocks 16-20 and 20-25 
(p<.05). At trial 30 the two curves came together and remained so 
until trial 50. Unfortunately only the 50% group was run beyond this 
point and its curve had not yet become asymptotic at 100 trials. 


In the second study, Weinstock (1954) compared running speeds 
in an L-shaped runway using 30, 50, 80 and 100% schedules of rein- 


forcement. Examination of the acquisition curves revealed the 100% | 
reinforced group to be somewhat above those of the other three groups ~ 
during the early portion of training (trials 6-15). However, after trial — 
30 the curves for the 30 and 80% group were consistently, but not sig- — 


nificantly, above that of the 100% group until the end of the 75 trial 
acquisition period. 


Thus the data from these latter studies suggest an initial superi- 
ority of the 100% reinforcement group for a period approximating the 
total training time of earlier studies. It is important to note, however, 
that this superiority is not maintained and the performance curves 
converge near the end of this period. The apparent conflict in earlier 
results might thus be related to the extent of the to-be-learned re- 
sponse curve included in the acquisition period. Furthermore, the 
evidence suggests that partially reinforced groups may perform at a 
level at least equal to, and possibly higher than, the 100% reinforced 
groups if training is continued to the performance asymptote. 


The purpose of the present study was to compare the performance, 
in an instrumental reward situation, of a partially reinforced group 
(50%) with that of a group receiving 100% reinforcement over an ex- 
tended period of training. Based on the indications of previous studies, 
particular attention was focussed on the relation obtaining between 
the performance of the two groups during the early portion of training 
(trials 1-24) and at the performance asymptote. 
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METHOD 
Subjects 
The Ss were 46 experimentally naive hooded rats from the colony 
maintained by the psychology department of the State University of 
Iowa. The ages at the beginning of the experiment were approximately 
160 days. 


Apparatus 


The apparatus used was a wooden, straight-alley maze, 4% in. wide 
and 5% in. high throughout. The starting box was 15 in. long and 
painted a flat grey. The runway was 36 in, long and painted flat black. 
Two guillotine-type doors separated the starting box from the runway 
proper: first, a thin brass door painted grey on the starting box side 
and flat black on the runway side; second, a %-in. clear plastic door. 
The goal box, 15 in. long and painted flat black, was separated from 
the runway by a guillotine-type fibreboard door painted flat black on 
both sides. A microswitch connected to the door illuminated the goal 
box only when the door was closed. The entire maze was covered with 
%-in. clear plate glass. This glass was painted flat black over the final 
6 in. of the runway. A fibreboard shield, 36 in. wide, 48 in. high and 
painted flat black, separated the runway and goal box areas. The 
painted glass and shield blocked stray illumination from entering the 
goal box, thus preventing S from perceiving the contents of the goal box 
while in the runway. 


Raising the plastic start box door closed a microswitch activating a 
Standard Electric Timer. Breaking the light beam to a photocell 
located 12 in. beyond the plastic door stopped the first timer and 
activated a second Standard Electric Timer. Breaking the light beam 
to a photocell located 24 in. beyond the plastic door stopped the sec- 
ond timer. Both photocell bulbs were shaded with infra-red filters. The 
photocells and bulbs were attached to the outside surface of the run- 
way walls and the light beams focussed through %-in. diameter holes 
centered 2 in. above the runway floor. All circuits used Hunter silent 
relays. Standard Electric Timers measured to 1/100 sec. 


Three waiting cages, 10 in. long, 4 in. wide, and 3% in. high, were 
constructed of natural wood and covered with hardware cloth. 


Procedure 


Handling and drive rhythm. The Ss were handled for a minimum 
period of 10 days prior to the beginning of the experiment. During this 
period a 24-hr. drive cycle was established. Each S was fed for a 1-hr. 
period after 23-hrs. food deprivation. Individual feeding cages were used 
and more than sufficient amounts of Purina Lab Chow were kept 
in the cages. Fresh water was available at all times in both the feeding 
and home cages. This feeding rhythm was continued throughout the 
experiment. 
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Habituation. On each of the two days prior to the beginning of the — 
experiment S received six direct feedings in the goal box. Each S$ re- — 
ceived five 45-mg. Purina Lab Chow pellets for each of the first four 
feedings and ten pellets for each of the remaining eight feedings. These — 
pellets were used for all subsequent pre-feeding and reinforcement in 
the learning situation. 


Training. Ss were run daily, in squads of six to nine, during two — 
separate calendar periods: 14 Ss during the first period and 32 Ss during © 
the second period. Prior to the first trial of each day S received one di- 
rect feeding of two pellets in the goal box. Each S received six training 
trials per day with a minimum inter-trial interval of 20 mins. and at an 
average of 23-hrs. food deprivation. Each reinforcement during the train- 
ing trials consisted of five pellets. A total of 90 trials were given in 15 
consecutive days. 


For each calendar period the Ss were randomly assigned to one 
of two experimental groups: 100% reinforcement (N=23) or 50% rein- 
forcement (N=23). The 100% reinforcement group was reinforced on 
all trials. The 50% reinforcement group was reinforced on a random 
one-half of the trials for each day and non-reinforced on the other 
one-half. 


On all trials the goal box was illuminated immediately after S$ en- © 
tered it. All Ss were removed from the apparatus 15 sec. after entering 
the goal box. Following reinforced trials § was placed directly in the 
carrying cage. Following non-reinforced trials S was placed directly in _teix 
the waiting cage for approximately 3 min. He was then placed in the | d 
carrying cage and immediately fed five pellets. " 


an 

The purpose of the waiting cage was to eliminate secondary rein- ev 
forcement by the carrying cage as some animals tended to store pellets 

in their pouch until placed in the carrying cage. Feeding in the carrying - 

cage following non-reinforced trials was intended to equalize the groups — th 

in the total food intake prior to each trial. tri 

an 

RESULTS di 

Two measures of performance were utilized: evocation speed (the a 

reciprocal of the time required to traverse the initial 12 in, of the run- di 

ca 


way) and running speed (the reciprocal of the time required to traverse 
the second 12 in. of the runway). 


To test for initial differences in the performance levels of the two ca 
reinforcement groups a two factor analysis of variance, reinforcement _—‘Té 
condition by calendar period, was computed separately for evocation ™ 
speeds and running speeds. The analyses were based on the mean 4H 
speed of the first three trials of each animal. A non-reinforcement did = t™ 
not precede any of these three trials. No reliable differences between _re 
the two reinforcement groups were indicated. cc 
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six trials are plotted in Fig. 1. It can be seen that, for both speed meas- 
ures, the curve for the 100% group is above that of the 50% group 
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Fig. 1. Mean speed of response (1/response time) for the 100% reinforcement and 50% 
reinforcement groups plotted over blocks of six trials. 


during the initial phase of training. However, the curves later converge 
and during the final phase of training, the 50% group shows greater 
evocation speeds than the 100% group and at least equal running speeds. 


For each performance measure, separate statistical analyses were 
computed for the first four blocks of trials (trials 1 to 24) and the last 
three blocks of trials (trials 73 to 90). The selection of these particular 
trial blocks was based on the results cited for previous studies. Each 
analysis (Lindquist, 1953, Type III design) included reinforcement con- 
ditions, trial blocks, and calendar period. None of the analyses showed 
a significant calendar period interaction with either reinforcement con- 
ditions or trial blocks, so no further reference will be made to the 
calendar period variable. 


The results of the analyses of the first four blocks of trials indi- 
cated that the observed difference in the evocation speeds of the two 
reinforcement conditions was not significant (p>.05). The reinforce- 
ment conditions by trial blocks interaction was also non-reliable (p>.05). 
However, for the running speed measure a significant interaction be- 
tween reinforcement conditions and trial blocks (p<.025) indicated a 
reliable difference in the rate of acquisition for the two reinforcement 
conditions. 


The results of the analyses of the final three blocks of trials indi- 
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cated that the evocation speed of the 50% group was significantly 


greater than that of the 100% group (p<.01). With regard to the thi 
running speed measure there was no reliable difference between the as} 
reinforcement conditions (p>.05). Neither measure showed a reliable _po 
difference between trial blocks (p>.05) or a significant interaction 
(p>.05). This would indicate that both groups were approaching the | - 
performance asymptote when training was terminated. ii . 
In summary, during the initial phase of training (trials 1 to 24) 
the observed superiority of the 100% reinforcement group over the 50% ‘ 
reinforcement group was statistically reliable only for the running i 
speed measure. Near the performance asymptote (trials 73 to 90) the S 
running speed measure indicated equal performance under the two 7 f 
reinforcement conditions while the evocation speed measure showed a h . 
significantly higher level of performance for the 50% reinforcement a 
group. 
DISCUSSION on 
The present experiment obtained results that tend to be in agrec- for 
ment with the two apparently conflicting sets of previous investigations. fin 
Previous studies (Finger, 1942 a; Finger, 1942 b; Lewis, 1956; Wilson SIS 
et al., 1958) that have shown superior performance on the part of 100% th 
reinforced subjects, as compared to partially reinforced subjects, have th 
involved a relatively few number of trials (16 to 30). In line with the © 
findings of these studies, the present experiment tended to show su- jn, 
perior performance on the part of the 100% reinforcement group during | pr 
the first 24 trials. On the other hand, previous studies (Rubin, 1953; an 
Sheffield, 1949; Taylor, 1953; Weinstock, 1954) that have shown no 4a 
difference between groups run under partial and 100% schedules of fr: 
reinforcement have extended training over a sufficiently long period to th 
approach the asymptote of performance. In line with the findings of le. 
these studies, the present experiment indicated that near the asymptote fr 
of learning there was either no difference or, as in the case of the re- Ww 
sponse evocation measure, the partial group was superior. It would cc 
thus appear that these apparently conflicting results were simply a pI 
function of the number of training trials. “ 
With regard to the performance asymptote the data are not en- - 
tirely conclusive. It is clear that with extended training the perform- el 
ance of the 50% reinforced group reached a level at least equal to that 0} 
of the 100% reinforcement group. Beyond this the data are conflicting. le 
The evocation measure showed a higher level of performance for the I 
50% group but the running measures remained equal. In this connection 
it may be noted that the evocation curves converged relatively early 
in training while the running curves did not come together until much 
later. An examination of these curves also indicates that the evocation a 
measures were at, or very near, their asymptote while the running meas- = & 
ures were possibly still increasing at the termination of training. 4 


Whether the partial group would have reached a higher final level of :. 7 


running speed had training been continued cannot be determined from 
this study. It is possible that the relationship between the performance 
asymptotes of partial and 100% reinforcement groups varies with the 
portion of the to-be-learned response chain that is measured. 


While the purpose of this study was primarily empirical, it is inter- 
esting to note the degree of correspondence of the results to the pre- 
dictions that may be made from two recent formulations. 


Weinstock (1954) has postulated, that competing responses made 
to an empty goal box on a nonreinforced trial are conditioned to the 
goal box stimulation and are later elicited by the similar runway 
stimulation. This results in a decrement in performance. On the basis 
of his observations he further assumed that these responses tend to 
habituate so that the amount of decrement in later learning becomes 
small. Accordingly, Weinstock predicts “a direct relation between per- 
centage of reinforcement and asymptotic speed.” (p. 321). While the 
results of this study confirm the notion of an initial decrement in per- 
formance, they do not substantiate the predicted relation between the 
final performance levels. In fact, this portion of Weinstock’s hypothe- 
sis was not substantiated by his own data. Whether the final level of 
the partial groups is equal to or greater than that of the 100% group, 
the present result would not be predicted from Weinstock’s formulation. 


The possible operation of another mechanism has been suggested 
in articles by Amsel (1958) and Wilson, Weiss, and Amsel (1955). They 
propose that frustration results from an interaction between nonreward 
and a fractional anticipatory goal reaction that develops during the 
early rewarded trials. The runway stimuli are then conditioned to a 
fractional anticipatory frustration response. The stimuli resulting from 
this response elicit responses previously conditioned to them and also 
lead to an increased drive level. Initially, responses evoked by the 
frustration stimuli interfere with the to-be-learned running response, but 
with continued reinforcement of the running response, they become 
conditioned to it. The results of the present study tend to confirm the 
predictions that would be made from the operation of such a mech- 
anism. The lower level of performance of the 50% reinforcement group 
early in training could be due to the occurrence of competing responses 
elicited by the anticipatory frustration stimuli. Likewise, the final level 
of performance of this group might be attributed to a greater drive 
level and/or to a greater stimulus complex than that available to the 
100% reinforcement group. 


SUMMARY 


The purpose of the present experiment was to compare rates of 
acquisition of a simple running response under schedules of 100% and 
50% reinforcement. Forty-six male hooded rats, divided randomly into 
two equal groups, were given 90 trials in a black runway. Each animal 
received six spaced training trials per day for 15 consecutive days. The 
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100% reinforcement group was reinforced on all trials. The 50% re- 
inforcement group was reinforced on a random one-half of the trials 
for each day and non-reinforced on the other half. 


Analyses of both an evocation speed and a running speed measure 
indicated that the 100% reinforcement group was responding more 
quickly than the 50% reinforcement group over approximately the first 
24 trials although this difference was statistically reliable only for the 
running speed measure. Later in training the performance curves of 
the two reinforcement groups converged and during the final trials the 
50% reinforcement group showed a reliably higher level of performance 
in evocation speed and equal performance in running speed. 


These results were discussed in relation to several alternative form- 
ulations of the possible mechanism producing such behavior. It was 
concluded that the operation of an anticipatory frustration response 
would best explain behavior during the entire period of training. 
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DELAYED REINFORCEMENT AND RUNWAY 
PERFORMANCE! 


EDWARD L, WIKE AND WALTER KINTSCH 


University of Kansas 


Although the effects of delay of reinforcement have been studied 
for some time (Watson, 1917), research in the last decade has taken 
three new directions: first, to ascertain whether delayed reward affects 
habit formation or performance (Spence, 1956); second, to discover the 
effects of delay during training upon resistance to extinction (Fehrer, 
1956); and third, to study the consequences of partially delayed rein- 
forcement, i.e., where delay of reinforcement occurs on a fraction of 
the training trials with the remaining trials being immediately rein- 
forced. Since the present studies are primarily concerned with the 
third issue, a brief review of the experiments on partially delayed re- 
inforcement and runway performance is presented below. 


In 1951, Crum, Brown and Bitterman, in the course of testing 
Sheffield’s generalization-decrement theory of intermittent reinforce- 
ment, investigated the role of partially delayed reinforcement in instru- 
mental conditioning. They found that when rats were subjected to goal 
box delays of 30 sec. on 50 per cent of the training trials, they learned 
as readily and withstood extinction longer than Ss which had been re- 
warded without delay on all training trials. 


Scott and Wike (1956) replicated the experiment of Crum, Brown 
and Bitterman and, in addition, varied the factor of trial-distribution. 
While the findings of the original investigators were fully confirmed, 
massing the trials with a 15-sec. intertrial interval and spacing the trials 
every 15 min. during both acquisition and extinction failed to produce 
any differential effects. 


Logan and his co-workers (Logan, Beier & Ellis, 1955; Logan, 
Beier & Kincaid, 1956) have reported two runway experiments involv- 
ing delay. In the first study Ss were rewarded after a 1-sec. delay 
(preferred delay group), after a 1l-sec. delay on half of the trials and 
9-sec. delay on the remaining half (varied delay group), or after a 5-sec. 
delay (mean delay group). In both training and extinction Ss received 
a single trial daily. The mean delay group had slower running times 
in acquisition than the other two groups, which did not differ from 
each other. The extinction results were in marked contrast to the find- 
ings of Crum, et al (1951) and Scott and Wike (1956)—neither the rates 


1 Supported by General Research Fund, University of Kansas. 
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of extinction nor the asymptotic extinction levels differed among the} 
three groups. 


To clarify these conflicting extinction results a second experiment 
(Logan, et al, 1956) was performed in which massed training with a 


15-sec. intertrial interval was used. Three delay conditions were im- 
posed: 0-sec, delay group; 0-and 9-sec. varied delay group; and 0-and 
30-sec. varied delay group. No results for the acquisition period were 
indicated, but the 0-30 sec. varied delay group displayed the greatest 
resistance to extinction, while the 0-sec. and 0-9 sec. groups extinguished 
at the same rate. This study suggests that the duration of delay is an 
important factor in producing greater resistance to extinction.? 


As a part of a larger investigation, Peterson (1956) compared the 
runway behavior of a group with immediate reward and a group that 
was detained for 0, 10, 20, and 30 sec. in a random order during train- 
ing. The varied delay group was significantly retarded in learning, but 
required almost twice as many trials as the non-delay group to obtain 
an extinction criterion. 


Finally, Wike and McMamara (1957) observed the effects of the 
percentage of partially delayed reinforcements on a runway response. A 


group that had been delayed for 30 sec. on 25-per cent of the training | 


trials ran faster at the termination of training than did groups which 
had been delayed on 50- and 75-per cent of the trials. However, in 
extinction the latter two groups ran significantly faster than the 25- 
per cent delay group. 


Combining the results of these six experiments, two provisional | 


generalizations can be made: 


1. Delay of reinforcement on a fraction of the training trials does not 
retard the acquisition of an instrumental response in contrast to the 
performance with continuous immediate reinforcement. 


2. Delay of reinforcement on a fraction of the training trials results — 


in greater resistance to experimental extinction than that after training 
with continuous immediate reinforcement. 


There are two exceptions to the first generalization. In Peterson's 


experiment the retarded acquisition performance of the variable delay — 
group may have resulted from the high percentage of delays. In the | 


Wike and McNamara experiment the slower running of the 50- and 


75-per cent delay groups may have been due to the fact that a separate © 


delay box was used, thus preventing Ss from being rewarded second- 


arily to as great a degree within the delay periods (Spence, 1956). It 
should be emphasized that this was the only runway experiment in | 


which Ss were not detained in the goal box itself. 


The sole exception to the second generalization occurs in Logan’s — 


first experiment. This deviant extinction result may be attributed to 


2 This conclusion has been confirmed in a T maze (Kintsch & Wike, 1957). 
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either the short variable delay period of 9 sec. or to the lengthy 24-hr. 
intertrial interval that was present in Logan’s design. In regard to the 
latter factor, it is important to note that in all other experiments the 
time between trials has ranged from 15 sec. to 15 min. 


The main purpose of the present experiments was to determine 
whether 20-sec. delays of reinforcement on 0-, 20-, 50-, 80-, and 100-per 
cent of the training trials influence response speeds in acquisition and 
extinction under the condition of widely distributed (24-hr, intertrial 
interval) trials. In Exp. 1 Ss were confined during the delays in a sep- 
arate delay chamber, and two additional delay groups which were 
delayed 10, 20, and 30 sec. in a random order on 50- and 100-per cent 
of the training trials are included. In Exp. 2 the five 20-sec. delay 
groups were confined in the goal box. These experimental conditions 
should also provide an answer to the question posed by the unusual 
extinction results in Logan’s first experiment, information on the ef- 
fects of 100-per cent delay upon resistance to extinction, and data re- 
garding the consequences of constant 20-sec. delay intervals vs. vari- 
able 10- to 30-sec. delay intervals. 


EXPERIMENT 1 


Method 
Subjects 


The Ss were 46 experimentally naive female Sprague-Dawley rats 
of approximately 70 days of age. They were obtained from the Sunset 
Hills Farm of Lawrence, Kansas. The Ss were randomly assigned to the 
seven experimental treatments and eight Ss were discarded when they 
failed to run or eat on five occasions during the first 10 trials. The 
number of Ss completing the experiment were: Group 0, n=3; Group 
20, n=6; Group 50 n=5; Group 50 V, n=6; Group 80, n=7; Group 100, 
n=5; Group 100 V n=5. These treatments are specified in detail under 
Procedure. 


Apparatus 


A black wooden 7.67-ft. alley type runway was used. It*had a 
light gray 8-in. by 5-in. by 6-in. starting box, the last 12-in. of the run- 
way served as a delay box, and a dark gray 9-in by 12-in. by 6-in. goal 
box was attached to the end of the maze. Three guillotine doors con- 
trolled S’s progress through the maze: door A separated S from the 
runway; doors B and C confined S$ to the delay box; door C gave S 
access to the goal box. The entire apparatus was covered by hardware 
cloth, and was illuminated by two 90-w. fluorescent tubes, which were 
located 6-ft. overhead and 3-ft. to the right of the maze. Throughout 
the experiment running times—the time between the elevation of the 
starting box door and S’s entrance into the delay box—were taken by a 
manually operated Standard timer. 
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Procedure 


On the first four days each S was gentled for 1 min. per day and 
adapted to a 22-hr. hunger cycle by feeding it Purina Layena pellets for 
1 hr. daily in the home cages which were located in the same room as 
the apparatus. Water was always available in these cages. 


On Days 5 and 6 each group of six or seven Ss was given group 
exploration in the runway for 10 min. All doors were in the up position, 


a glass furniture coaster filled with Purina pellets was placed in the 


goal box, and Ss were removed from the runway at the goal box. Fol- 
lowing exploration Ss were fed for 1 hr. in their home cages. 


The succeeding 40 days constituted the acquisition period in which 


Ss received one trial daily under the appropriate conditions of delay. 


The Ss in Group 0 were never delayed. The Ss in Groups 20, 50, 80, 


and 100 were delayed for 20 sec, on 20-, 50-, 80-, and 100-per cent of the 
trials. The Ss in Groups 50V and 100 V were delayed for 10 sec., 20 
sec., and 30 sec. in random order on 50- and 100-per cent of the trials. 
The occurrence of delays was determined by a table of random numbers 
for 10-trial blocks with the restriction that the first trial was always re- 
warded immediately except for Groups 100 and 100 V. Each S had a 
different delay pattern in order to randomize the influence of the pat- 
tern. The Ss in Group 50 V had two 10-sec. delays, two 30-sec. delays, 
one 20-sec. delay, and five 0-sec delays in each 10-trial block, while Ss 
in Group 100 V experienced four 10-sec. delays, four 30-sec. delays, 
and two 20-sec. delays. 


In acquisition the order in which the groups were tested varied 
randomly from day to day. Fifteen min. after a group finished its 


trials, Ss were fed for 1 hr. in the home cages. During the first 10. 
trials Ss had 2 min. in which to enter the delay chamber. If S did not | 
conform to this criterion, it was placed in the chamber by E. After the — 


first 10 trials this criterion was reduced to 1 min. The S had 20-sec. 
feeding after it entered the goal box. 


The Ss underwent 20 extinction trials after acquisition. One trial | 


per day was administered, the delay box doors were always up, and_ 


S was confined in the empty goal box for 20 sec. The schedules of run- 
ning and the home cage feeding procedures were identical to those de- 
scribed for the acquisition phase. As in the latter part of acquisition, if 
S failed to run within 1 min., it was placed in the goal box by E. 


Results 


The results of the experiment are shown in Figure 1. Each run- 


ning time was rounded to the nearest whole sec. and transformed into 
a reciprocal. The basic response score for S$ was the sum of its trans-— 


formed scores for five trials. The means of these basic response scores 
are plotted in Figure 1. 
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The initial equality of the groups was assessed by a simple analysis 
of variance for the first block of five trials. Although Groups 50 V and 
100 V appeared faster at the outset of the experiment, the variation was 
fully within the limits of random sampling: F=1.99; df=6,31; P>.05.° 

The entire acquisition period was evaluated by a simple analysis 
of variance. The difference between groups (F=5.67; df=6,31) was 
found to be significant beyond the .001 level. Next, a simple analysis 
of variance was performed upon the speed scores for trials 36-40 with 
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Fig. 1. running times in acquisition (blocks 1-8) and extinction (blocks 1-4): 
‘or 


xp. 


the result that the groups differed significantly (F=7.02; df=6,31; 
P<.001). The interpretation of this analysis was complicated, however, 
by the fact that the variances were not homogeneous (.05>P>.02). In 
view of recent evidence on the effects of heterogeneity of variance 
upon the probability values for the F-test, we have followed Lindquist’s 
advice (1958, p. 86) of still employing the F-test, but of setting a higher 
level of significance throughout; namely, regarding differences to be 
significant only if the .01 level or less was achieved. It might be noted 
also that a non-parametric analysis of variance, the Kruskal-Wallis 
test, likewise led to the rejection of the null hypothesis. H=22.50; 
df=6; P<.005. To localize the differences at the termination of training, 
trials 36-40, Duncan’s tests of means based upon unequal n’s were per- 
formed.4 Groups 0, 50V, and 20 ran faster than Groups 100 and 100 V. 
All of these six differences were significant at less than the .01 level. 
The general trend in the results is clear—higher percentages of delay 
3In all analyses of variance, unless it is stated otherwise, the tenability of the assumption of 


omogeneity of variance was established by Bartlett’s test. 
4 We wish to thank Dr. David B. Duncan of Florida State University for making this unpub- 


lished modification of his technique available (Duncan, 1955). 
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are associated with slower running. Only Group 50V deviated from 
this trend by being as fast as Group 20. 


the 


The speed scores for the last block of trials in extinction were as. 
tria 


sessed by a simple analysis of variance. It was found that the differences 
between groups were not statistically significant: F=1.63; df=6,31, 
P>.05. 
EXPERIMENT 2 
Method 

Subjects 

Forty-five 100-day old rats of the same kind and source as those in 
Exp. 1 served as Ss. Nine Ss were assigned by a table of random num- | 
bers to each of the five delay conditions. None of Ss was discarded | 
during the experiment. 
Apparatus 

The runway apparatus was modified by removing guillotine door B, 
and forming a food compartment in the final 2-in. section of the goal 
box by erecting a wall with a 4-in. wide guillotine door located in its 
center. The Ss were delayed in the goal box, and were permitted access 
to the food by raising the food compartment door. A Lab-Chron timer 
was used in place of the Standard timer. The S’s home cages were in 
another room. In all other respects, the apparatus was the same as in 
Exp. 1. 


Procedure 
The first four days of adaptation were identical to those of Exp. 1. Fig. 
On Days 5, 6 and 7 the Ss explored the runway for 10 min. in groups of | 
nine Ss, four or five Ss, and two or three Ss, respectively. The food| ing 
compartment was filled and accessible on these trials. On Days 8, 9, var 
and 10 each S received one immediately-rewarded runway trial. The con 
Ss had 5 min. in which to enter the goal box and a 3-min. feeding. The — 
eating period was reduced to 1.5 min. on Day 10. These liberal criteria _ 
were used to prevent the loss of Ss. The Ss were housed 4 or 5 Ss to a) 
cage and the order in which the 10 cages was tested varied randomly | dis 
from day to day throughout the experiment. Fifteen min. after Ss in) ,_ 
the fifth cage were run, Ss in the first five cages were fed for 1 hr. in” 
the home cages. The same procedure was followed for the second five — the 
cages. 


On the next 30 days Ss had a single acquisition trial per day. The FE hyy 
Ss in Group 0 were never delayed, Ss in Groups 20, 50, 80 and 100 met 
were confined for 20 sec. in the goal box on 20-, 50-, 80-, and 100-per 20 
cent of the trials with the same patterns of delay as in Exp. 1. A 2-min. nifi 
running criterion and a 1-min. eating period were in effect in acquisition. b rel 


During the next 10 days Ss were given one extinction trial daily. E 
The food compartment was thoroughly cleaned and its door remained in _ 
the down position. On every trial S was confined in the goal box for 
20 sec., and a 2-min. running criterion was used. 
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Results 


Again the running times were transformed into reciprocals, and 
the results are shown in Figure 2. Since Ss had only three pretraining 
trials the groups’ means were multiplied by 5/3 to make the pretrain- 
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MEAN TRANSFORMED TIMES 


BLOCK OF FIVE TRIALS 
Fig. 2. Mean reciprocal running times in pretraining (Pre.) acquisition (blocks 1-6), and ex- 
tinction (blocks 1-2). 
ing means comparable to the rest of the figure. A simple analysis of 
variance of the pretraining scores revealed that the groups were initially 
comparable: F<1; df=4,40; P>.05. 


In the total acquisition period the over-all differences between the 
groups did not deviate from chance variation (F=2.20; df=4,40; P>.05) 
as shown by a simple analysis of variance. An analysis for trials 26-30 
disclosed that the means of the groups were significantly different: 
F=5.05; df=4,40; P<.005. As in Exp. 1, the variances were not homo- 
geneous (.02>P>.01), but again a non-parametric analysis resulted in 
the rejection of the null hypothesis (H=14.54; df=4; P<.006). Fol- 
lowing the same rationale discussed in Exp. 1, we rejected the null 
hypothesis and proceeded with treatment comparisons using Duncan’s 
method. Group 0 ran faster than both Groups 80 and 100, and Group 
20 was superior in speed to Group 100. These differences are all sig- 
nificant at the .01 level of comparison. Again, as in Exp. 1, an inverse 
relationship is apparent between the percentage of delay and speed 
of running at the termination of acquisition. 

A simple analysis of variance revealed that the percentage of delay 
in acquisition had no significant influence upon the over-all mean speed 
scores in extinction: F<1; df=4,40; P>.05. When the extinction scores 
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were adjusted for the inequalities existing at the end of acquisition, by 
means of an analysis of covariance, the extinction differences still failed! 
to achieve statistical significance: F=2.51; df=4,39; P>.05). We may 
conclude therefore, that no reliable extinction differences were obtained. 
in Exp. 2. 


DISCUSSION 


In both of the present experiments speed of running at the termina. | 
tion of training was inversely related to the percentage of partially de. 
layed reinforcement, and no reliable differences among the delay groups 
were found during extinction. Both of these results are contrary to 
the two provisional generalizations stated in the Introduction—gener-| 
alizations which were based mainly upon studies where relatively short’ 
intertrial intervals were imposed. On the basis of all studies including, 
the present ones, three conditions seem to be important for partial! 
delay of reinforcement to retard performance in acquisition: 1, long 
delay intervals; 2. high percentages of delay; and 3. widely distributed 
trials. Comparison of Exp. 1 and 2 suggests the possibility that the use 
of a separate goal box facilitates the occurrence of differences among 
the delay groups in acquisition. Because the procedures for the two 
experiments varied in a number of other respects, however, this con- 
clusion must be regarded as a tentative one. 


The variable of partial delay of reward has not been incorporated 
into the major theories of learning. Spence (1956, p. 164) has discussed 
continuous delay of reinforcement and proposed that the magnitude of 
delay, Tg, and number of delays, Nr>0, affect an intervening inhib- 
itory variable, Iy, which in turn, combines in a subtractive fashion } 
to convert excitatory potential, E, into momentary effective excitatory 
potential E. He has also indicated the possibility that magnitude of 
delay might affect incentive motivation, K. In his discussion (1956, 
p. 83) of the relationships between habit strength, H, and drive, D,_ 
Spence points out that a multiplicative relationship between the two 
intervening variables would result, all other things being constant, in| 
diverging acquisition curves; while an additive relationship would lead_ 
to curves which are parallel throughout acquisition. If we assume with 
Spence that H is independent of delay of reward, then the diverging | 
curves observed in both of the present experiments suggest that delay 
affects a factor like K which is related in a multiplication fashion to H. ~ 


The failure of delayed reinforcement to produce enhanced resist: 
ance to extinction in the present experiments with a long intertrial 
interval in contrast to previous extinction findings with relatively short 
intertrial intervals requires exploration. In ‘unpublished research | 
(Wike, Kintsch & Gutekunst 1958) performed in our laboratory with 
relatively short intertrial intervals we have found that rats which 
received training patterns in which immediate reinforcement an 5 


followed delayed reinforcement ran faster during extinction than $s 
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with either immediate reward followed by delayed reward or Ss which 
had continuous immediate reward. This study implies that the superior 
resistance to extinction after partially delayed reinforcement which has 
been observed in earlier studies is due to the presence in training of 
immediate reward after delayed reward rather than to delay of rein- 
forcement per se. If such patterning effects are responsible for greater 
resistance to extinction in partial delay of reinforcement, the condition- 
ing of the patterns would necessitate relatively short intertrial intervals. 
In the present two studies delay is followed by immediate reward, but 
the 24-hr. intertrial interval is not conducive to pattern formation. 


Finally, it should be stressed that in all of the investigations of 
partial delay and runway performance which have been carried out 
to date the extinction behavior is confounded by generalization effects 
since the delayed groups have been switched to a uniform condition 
of no delay in extinction. Additional studies are, therefore, needed in 
which subgroups of each delay group in acquisition are exposed to 
all delay conditions in extinction. 


SUMMARY 


Two runway experiments were performed to investigate the effects 
of partially delayed reinforcement under widely distributed (24-hr. 
intertrial interval) training. In Exp. 1 Ss (N=38) were trained with 
20-sec. delays on 0-, 20-, 50-, 80-, and 100-per cent of the trials and 10- 
30 sec. delays on 50- and 100-per cent of the trials. The delays took 
place in a delay box just in front of the goal box. In Exp. 2 (N=45) 
the first five conditions of delay were studied and delay was imposed 
in the goal box, itself. 


Both experiments disclosed an inverse relationship between per- 
centage of delay and runway speed at the end of acquisition. In both 
experiments no reliable differences were found among the delay groups 
during extinction. These results are contrary to the previous findings 
on partial delay where short intertrial intervals were involved. The ac- 
quisition results were discussed in terms of Spence’s version of behavior 
theory, and the incompatibility of the present extinction results with 
earlier results was related to patterning effects in partial delay. 
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THE EFFECT OF INTENSITY OF VISUAL STIMULATION 
UPON AUDITORY ACUITY 


W. L, GULICK AND F. L. SMITH 


University of Delaware 


Data on sensory interaction are contradictory: whereas a number 
of investigators report that the sensitivity of one modality is heightened 
during simultaneous stimulation in a second modality (Child & Wendt, 
1938; Hartmann, 1933; Hartmann, 1934; Kravkov, 1934; Urbantshitsh, 
1888), other investigators report that simultaneous stimulation of a sec- 
ond modality either has no effect (Serrat & Karwoski, 1936) or actually 
decreases sensitivity in the first (Heymans, 1904; Jacobson, 1911). The 
fact than phenomena of sensory interaction are complex is amply dem- 
onstrated by the work of Child and Wendt (1938) on the role of tem- 
poral separations of the onset of stimulation in two modalities, and the 
work of Gregg and Brogden (1952) on the role of attention. The liter- 
ature makes it clear that shifts in thresholds due to sensory interaction 
are difficult to demonstrate. 

One factor which may have contributed to the contradictory na- 
ture of data on interaction is the intensity relationship of stimuli acting 
upon two sense modalities. Intensity as a parameter in sensory inter- 
action has been suggested as important (Hartmann, 1933; Jacobson, 
1911; Thorne, 1934), but no evidence bearing directly upon the issue of 
intensity relationships is available. In stating the role of intensity, 
Thorne (1934) proposed that the sensitivity in one modality could be in- 
creased by simultaneous stimulation in other modalities (auxiliary) as 
long as the auxiliary stimulation was sufficiently weak to be perceived 
as the ground in the figure-ground relationship. However, differential 
interaction as a function of the relationship of the intensities of stimuli 
acting on different modalities remains to be demonstrated, as does the 
usefulness of the figure-ground construct in this connection. 

The investigation reported here sought to determine the effect of 
three levels of intensity of homogeneous visual stimulation on auditory 
acuity, as measured by O’s ability to discriminate differences of pitch 
and timbre A homogeneous visual field was used to minimize any pos- 
sible distracting effects as a result of Os attending to meaningful visual 


stimuli. 


METHOD 
Observers 
Twelve Os were used, and all were naive concerning the purpose 
of the investigation. Each O met a criterion of not more than a 5 db 
hearing loss in each ear at 256, 512, 1024, and 2048 cps. 
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Apparatus 


The Os listened to pitch and timbre discrimination tasks in an air” 
conditioned light- and soundproof room (minimum ambient noise level,| 
30 db SPL). Room temperature was constant at 70°F. Three conditions | 
of illumination were used: darkness, 0.12, and 1.20 candles per square” 
foot (conditions I, I, and III, respectively). Illumination was produced 
by incandescent bulbs located behind the chair in which O sat. A rub. 
ber-lined clamp attached to the back of the chair held O’s head firmly, 
prohibiting extensive movement. Two translucent celluloid hemispheres. 
(3.9 cm. in diameter), shaped to fit the contour of the face, were placed. 
over O’s eyes and held by a transparent mask. 


Pitch and timbre discrimination tasks were recorded on tape and| 
the signal was transmitted to O over earphones (Telephonics Corp, 
N.Y., Type TH-37, 300-z) at an intensity of approximately 70 db SL. On 
the pitch tape (Scale P) one of the two tones in each discrimination” 
task was always a standard tone of 500 cps. while the other one differed 
from 500 cps. in one-half cycle intervals from 500.5 to 509.0 cps. On the 
timbre tape (Scale T) the standard complex tone was epee of a 
fundamental of 500 cps. and overtones of 1,000, 1,500, and 2,000 cps. 
whereas the other complex timbre tone differed from this standard by | 
having the intensity of its 1000 cycle partial from 1 to 18 db less intense. 
The standard tone appeared an equal number of times as the first and_ 
second tone in the 36 discrimination tasks on both Scales. The duration 
of each tone was two seconds, and the two discriminanda were sep-_ 
arated by a two second interval of silence. A 10-sec. interval of silence 
separated successive discrimination pairs. 


For Scale P and Scale T the 36 discriminations in each scale were 
actually two random orders of 18 unique stimuli pairs, the odd-num- 
bered ones (1-35) being one order and the even-numbered ones (2-36) f 
being a second order of the same pairs of stimuli. Each O, therefore, 
heard each of 18 pitch and each of 18 timbre pairs twice in each condi- — 
tion of illumination. F 
Procedure 

All six possible orders of the three conditions were used, with two | 
Os following each order. Of these two, one O heard Scale P and then 
Scale T in each condition, and the other heard Scale T and then Scale P_ 
in each condition. 


The Os were run one at a time. After the translucent celluloid | 
hemispheres, the transparent mask, and the earphones were placed on O, — 
the adjustable clamp was securely fastened about O’s head. The O was - 
requested not to touch any of the affixed apparatus and not to close 
either or both eyes, except for a normal blink, during the entire experi-_ r 
ment. 


Instructions were read by E informing O to judge the successive f E 
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reply. After instruction each O was given 10 practice trials on each of 
the two types of discrimination tasks. All practice trials were performed 
under bright general illumination (20 candles per square foot). When 
the 10 practice trials were completed for that Scale to be performed 
first, illumination for the first condition for that Scale was set. The E 
started the tape recorder located in an adjacent control room and then 
moved to the experimental room in order to record O's responses. A 
similar sequence was employed after the completion of the 10 practice 
trials for the second Scale to be performed in the first condition. Except 
for the exclusion of the practice trials, the procedure for the second and 
third illumination conditions remained unaltered. 


During a five minute rest period between experimental conditions 
E removed the affixed apparatus from O who was then allowed to walk 
about inside the experimental room. 


The O was reminded after every nine responses to keep both eyes 
open. 
RESULTS AND DISCUSSION 
The results of this experiment indicate that the three levels of in- 
tensity of homogeneous visual stimulation neither facilitated nor inhib- 
ited O’s ability to discriminate differences of pitch and timbre. 


The scores used in the analysis of variance were the number of 
correct discriminations reported by each O on each of the two orders 
of 18 discrimination tasks for Scale P and Scale T, in each experimental 
condition. Since the two tones presented in each discrimination task 
were never the same, the total possible score was 18. However, pre- 
liminary investigation aided in devising discrimination scales sufficiently 
difficult to produce scores of about 11. 


The mean scores for experimental conditions I, Il, and III were 
11.21, 11.33, and 11.87 respectively, and these scores were found to 
differ insignificantly from each other. 


In the course of each O’s progress through the three illumination 


i conditions, it was assumed that the effect of learning, fatigue, and 


fluctuations of attention contributed equally to each illumination con- 
dition as a result of the experimental design employed. Although these 
effects were not isolated statistically, some information about their total 
effect may be got by examining the mean performance score for all 
O’s in their first, second and third conditions. These three means were 
11.71, 11.48, and 10.73 for the first, second, and third conditions, respec- 
tively. Mean scores for the first and third conditions were found to be 
significantly different from each other at the .05 level of confidence. If 
the assumption is tenable that 10 practice trials were sufficient to level 
off the learning curve, then fatigue or progressive loss of interest, or 
both, might explain this slight decline in performance from the first to 
the third condition. 
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Although the intensity relationship of stimuli acting upon two seng. 
modalities has been suggested as important to demonstrations of sen 
sory interaction, data from the present experiment indicate that with. 
in the limits studied, discrimination of pitch and timbre are not dif 
ferentially affected by the intensity of diffuse stimulation of the retinae 


_ In fact, no evidence of interaction was obtained under any of the ex. 


perimental conditions employed. It is possible that extremely intens 
light would affect auditory acuity, but this effect might better lb 
viewed as the result of distraction rather than interaction. It may be 
that the conditions of sensory interaction are more intimately connect 
ed to attention and distraction than they are to simple temporal and 
intensity relationships obtaining during stimulation. 


SUMMARY 


Twelve Os with normal hearing listened to tape recordings of 3% “ 


pitch and 36 timbre discrimination tasks in each of three illumination 
conditions. Two translucent celluloid hemispheres, shaped to fit the 


contour of the face, were placed over O’s eyes and held with a trans. 
parent mask. Orders of discrimination tasks and experimental condi-| 


tions were randomized to balance learning and fatigue effects. 


On the basis of this investigation no evidence was obtained to in-| 


dicate that visual stimulation from a homogeneous field affects auditory 
acuity. 
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The concept of latent extinction refers to the observation that the 
strength of a learned, instrumental response can be weakened prior to 


- non-reward trials. This weakening is accomplished by simply placing 
the animal in the reward area for a period of time when no reward is 
_ available. Seward and Levy’s (1949) observation of latent extinction 
_ was considered to be embarrassing to S-R theory, since it implied that 
; of 36 “... all that seems necessary for extinction is for the organism to 
ination! perceive the absence of reinforcement” (Deese, 1952, p. 62). 
fit the) Moltz (1957) has subsequently made an elaborate S-R analysis of 
trans! the latent extinction situation in terms of fractional anticipatory goal 
condi _ responses. However, there is still an apparent contradiction in the latent 
extinction literature of a fundamental sort. 
to in- When Bugelski, Coyer and Rogers (1952) replicated the original 
iditory| Seward and Levy study (1949) they found no evidence of a latent 
extinction effect. Examination of the procedures of both studies sug- 
' gested that Seward and Levy (1949) placed one end of the runway 
f visual). near a wall while the other workers (Bugelski et al, 1952) placed 
09-127.) their alley in the middle of a large room. These suppositions were con- 
ulation! firmed by personal communications. 
6. Given differential extra-maze stimuli at each end of the runway, 
tion of per Seward and Levy, it follows that avoidance responses elicited by 
- an empty goal platform during latent extinction trials would be dis- 
1 upon| criminatively conditioned to the extra-maze stimuli at the goal-end and 
ychol,’ thereby mediate latent extinction effects (avoidance a la increased 
_ latency). On the other hand, if the distal stimuli were similar, as in the 
ngung/ replication (Bugelski et al, 1952), they would be irrelevant for both 
sch. j.5 approach and avoidance and no latent extinction effect would be ex- 
wel pected. The present study checks on and supports this analysis. 
the METHOD 
808. Twenty female albino rats, 90-129 days old, were trained to run a 
4-ft. white runway, including starting section, into a 14x 10-in. goal 
~— _ box with black interior and white exterior. An arched '%-in, hardware 
1. | Cloth ceiling covered the alley at a height of 4 in. and afforded S a 
visual. View of the extra-maze stimuli.!. The wooden sides of the alley were 
_ only 2 in. high and the alley was 3% in. wide. The guillotine door at 
brigen i 1The runway was so constructed because 10 additional curtain vs. no curtain Ss, not being 


reported on, were restrained in a central alley section during latent extinction trials. Essentially, 
they extinguished like the experimental groups herein reported. 
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the goal box was white on the alley side and black on the other, while 
the start box door was all white. The runway was located approxi. 
mately in the middle of a large room. Ten Ss were trained with a 10, 
15-ft. heavily pleated burlap curtain immediately behind the goal box 
and ten were trained without it. After seven days of handling and , 
23-hr. food deprivation schedule all Ss received four learning trials per 
day for five days. A .10-gm pellet in a small permanent cup in the goal 
box served as a reward on each trial. Latency to a line 4 in. beyond 
the starting box and running time from this line until S had two feet 
in the goal box were recorded. 


For latent extinction each group was sub-divided into two equal 
groups. The latent extinction sub-groups received five 2-min. extinction 
sessions in the empty goal box with all other conditions the same a 
during training. The control sub-groups received five 2-min. sessions 
in an empty 1 x 1 x 1-ft. metal box located 20 ft. from the goal box 
and off to the side of the start-box. Extinction followed immediately for 
all Ss, with the curtain present only for the curtain group. An inter. 
trial interval of 2 min. was used throughout all phases. During extine- 
tion Ss were run until there were two consecutive latencies of 3 min. 
or for 25 extinction trials. One S in the latent-curtain group reached 
criterion before 25 trials. 


RESULTS AND DISCUSSION 


Medians of the mdn latency for the last five learning trials for the 
curtain and no curtain groups were almost identical (5.8 and 6.0 sec) 
as were the medians of the mdn running time (3.5 and 4.0 sec.). Mann 
Whitney U tests were conducted on the first and last blocks of five 
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Fig. 1. Medians of median latencies (sec.) for each group during extinction. 


extinction trials for both latency and running time. The control groups 
were combined as no difference between them approached significance. 
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A comparison of the groups in. Fig. 1 shows the median of the mdn 
latency for each block of five extinction trials, 
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There is good evidence of latent extinction for the latent extinction- 
curtain group (L-C) and possibly slight evidence for the latent extinc- 
tion-no curtain group (L-NC). On the crucial latency measure L-C dif- 
fers significantly not only from the control group on the last block of 
extinction trials (U=3, p=.01, n,=5, nz=10) but also from L-NC 
(U=2, p=.02, n,=n,=5). 


Statistical analyses of running time results were made on the first 
and last blocks of extinction trials using medians of mdn running times 
as measures. Group L-C ran significantly slower than the control group 
on both the first block of trials (U=5, p=.01, n,=5, nz=10) and the 
last block of trials (U=5, p=.01). Group L-NC ran significantly slower 


O equal 
tinction 
same as 
sessions 


oal bor than the control group only on the first block of trials (U=5, p=.01, 
tely for} n;=5, ne=10). Comparisons between groups L-C and L-NC yielded 
n inter-@ significant values of U. For the present hypotheses running time is not 


as sensitive an index of the curtain effect since it is contaminated by 
the fact that goal box cues may directly affect it. 


With the added fact that the results of recent studies support latent 
extinction (Moltz, 1957) it is concluded that the introductory analysis is 
essentially correct and that the aforementioned contradiction is resolved. 


extine- 
3 min. 
reached 


for the 

see) SUMMARY 

Mann. 

of five The hypothesis was tested that the failure of Bugelski et al (1952) 


to obtain latent extinction effects in a “replication” of Seward and 
Levy’s (1949) latent extinction study was due to the absence of differ- 
ential extra-maze stimuli at the ends of the runway in Bugelski’s study. 
In the present study rats were run with and without differential cues 
and the results supported the hypothesis thus resolving the apparent 
contradiction. 
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